As a first line of defence against a virus infection, mammalian cells elicit an innate immune response, characterized by secretion of type I interferons (IFN) and up-regulation of interferon stimulated genes (ISGs). We have previously included Crimean Congo Hemorrhagic Fever Virus (CCHFV) in the list of type I IFN-sensitive viruses. In this in vitro study, we have compared the antiviral activity of two recombinant IFN-alpha preparations (Roferon A and Intron A) with a natural IFN-alpha produced in human leukocytes (Multiferon). Our results clearly demonstrate that these commercially available IFNs have significant antiviral activities against CCHFV. However, we could show that Multiferon inhibits viral replication more efficiently than the two recombinant IFN alpha preparations.
INTRODUCTION
The innate immune response represents the first line of defence against a viral infection in mammalian cells [1, 2] . The immune system is triggered when molecules produced during viral replication are detected by receptors on the surface or inside the host cell. Upon sensing those molecules, signalling pathways are activated leading to induction and secretion of type I interferons (IFNs), both IFN-alpha and IFN-beta, and subsequent up-regulation of interferon stimulated genes (ISGs) [3] . Type I IFNs are important mediators of innate immune responses and are crucial for limiting early replication and spread of viruses [3] . They induce a number of proteins involved in antiviral actions, such as 2',5'-oligoadenylate synthetase [4, 5] , double-stranded RNA-activated protein kinase (PKR) [6] , or Mx proteins [7] [8] [9] . In turn, the ISGs mediate antiviral, antiproliferative and immunomodulatory effects to protect surrounding cells from viral infections.
The importance of the IFN system is illustrated by the fact that numerous viruses encode gene products with antagonistic properties against the IFN-induced antiviral response [10] .
The Bunyaviridae family is the largest virus family consisting of more than 300 enveloped viruses containing an RNA genome in negative-sense orientation [11] . The genome is divided into three segments designated L, M and S encoding an RNA-dependent RNA polymerase, two glycoproteins (Gc and Gn) and a nucleocapsid protein (NP), respectively [12] . In addition, some members of the family encode non-structural proteins on their M or S segment termed NSm or NSs, respectively [13, 14] . Despite the increasing knowledge of the biology of the Bunyaviridae [15] . The virus is transmitted either through bites by infected Ixodid ticks, or by direct contact with virus-contaminated blood. Even the nosocomial transmission has been reported.
The mortality rate varies depending on the mode of transmission; the reported mortality is 10-50% in cases of tick-to-human transmission, but even higher in the case of nosocomial infections [12, 16, 17] . Crimean Congo Hemorrhagic Fever (CCHF) progression is rapid. In severe cases, there is a short incubation period of 1 to 3 days after a tick bite before, severe hemorrhagic manifestations develop on the third to fifth day of disease, with death occurring during the second week of illness [15] .
We have previously shown that type I IFNs have an antiviral effect against CCHFV [18] , most likely due to the activities of IFN-induced antiviral proteins such as MxA [7] , PKR or ISG20 (manuscripts in preparation). In this study, we have compared the in vitro antiviral activity of different recombinant IFNs and naturally produced IFN from human leukocytes.
Roferon A [19, 20] and Intron A [21] are recombinant forms of IFN subtypes alpha-2a and -2b, respectively. These proteins have been manufactured by recombinant DNA technology. Multiferon [22, 23] is a natural IFN-alpha, which is obtained from the leukocyte fraction of human blood following induction with Sendai virus and subsequently purified by affinity chromatography. Multiferon contains various physiologically active IFN-alpha subtypes.
COMMERCIALLY AVAILABLE MULTIFERON HAS A BETTER ANTIVIRAL ACTIVITY COMPARED TO INTRON A AND ROFERON A
In order to compare the antiviral activity of the commercially available IFNs, A549 cells were treated with different concentrations (10, 100 and 1000 IU/ml) of Multiferon, Roferon A or Intron A. Twenty four hours after treatment cells were infected with CCHFV strain IbAr 10200, originally isolated in Nigeria in 1970, at various multiplicities of infection (MOI) ranging from 0.1 to 1 [24, 25] . Supernatants and cell lysates from mock-or IFN-treated cells were collected for detection of viral RNA and/or viral proteins at 48 hours post infection (h.p.i.). Viral RNA was purified using the QIAamp Viral RNA Mini Kit (Qiagen) according to the manufacturer's instructions. Real-time reverse transcription-PCRs were performed as previously described by Wölfel et al. [26] . Briefly, primers targeting a 181 bp-long region in the S segment combined with 3 probes were included in the assay.
Five microliters of extracted RNA were then used as a template in a 25 l reaction volume and the cycling reactions were performed in a Roche Light Cycler 2.0. Reactions with crossing points below 35 cycles were defined as positive and plotted against a standard curve. Genome contents were calculated and presented as genomes/ml.
As shown in Fig. (1a) , we could clearly demonstrate that Roferon A, Intron A and Multiferon have significant antiviral activities against CCHFV. These data could show that treatment of cells with 100 IU/ml of either Roferon A or Intron A inhibits the replication of CCHFV by at least one log while treatment with Multiferon inhibits viral replication by even two logs. Thus, Multiferon has a 10-times higher antiviral activity against CCHFV as compared to the recombinant IFNs. As expected, the antiviral activity of Multiferon was even more pronounced when the pre-treated cells were infected with less virus (Fig. 1b) .
To confirm these results, we analyzed the expression of CCHFV NP in mock-treated and IFN-treated cells by Western blot (WB) (Fig. 2) . Cell lysates were resuspended in reducing sample buffer, boiled for five minutes and separated on SDS-PAGE with a 5%-concentration gel and 10%-separation gel. Electrophoresis was carried out at a constant current of 25 A. Proteins were transferred to a nitrocellulose membrane at 100 V for 1h using a transfer buffer containing 25 mM Tris, 192 mM glycine and 20% (v/v) methanol. Membranes were then blocked in 5% non-fat dry milk over night at +4˚C. After washing in PBS containing 0.01% Tween (PBST), the membranes were incubated with a polyclonal rabbit-anti-CCHFV NP-antibody in dilution buffer (5% non-fat dry milk in PBST) for 1h at room temperature. The membranes were then washed three times with PBST before incubating them with goat-anti-rabbit IgG HRP-conjugated antibody in dilution buffer for 1h at room temperature. After careful washing, detection was carried out using ECL Plus Western Blotting Detection Reagents (Amersham Pharmacia) according to the manufacturer's instructions.
As shown in Fig. (2) , Roferon A, Intron A and Multiferon reduced the expression of NP significantly. Moreover, these results confirm that Multiferon has a higher antiviral activity against CCHFV as compared to the other IFNs.
In this study, we demonstrate that commercially available IFN-alpha preparations have a strong antiviral activity against CCHFV when the cells are pre-treated before infection. We could also show that the naturally produced IFN from human leukocytes, Multiferon, has a significantly higher antiviral activity in vitro compared to recombinant IFNs. This study did not address the specific reason for the observed superior efficiency of Multiferon. However, Multiferon contains several naturally occurring subtypes of IFN-alpha and could therefore activate the antiviral state of the treated cells more efficiently.
IFNs are key players in host responses in the very early steps of infection [10, 27] . The use of IFNs as therapeutics began soon after their potent antiviral activity had been discovered [28, 29] . Today, recombinant IFN-alpha is established as a key component of Hepatitis C treatment strategies, widely used in patients with chronic disease [30] . In recent years, it has been demonstrated that the use of IFNalpha in combination with ribavirin [31] yielded much higher success rates of the treatment. Moreover, it has been shown that switching to purified IFN-alpha from human leukocytes during an antiviral treatment could achieve a sustained immune response in patients [22, 23] . Clinical studies have demonstrated that IFN has antiviral activity also against rhinovirus [32] . A recent study by Kugel et al. suggests that IFN treatment by nasal route may protect high risk groups against seasonal influenza [33] .
The only known and used antiviral drug against CCHFV is ribavirin, a synthetic guanosine analogue [12] . Ribavirin has been approved for clinical use during treatment of, amongst other, Hepatitis C virus or respiratory syncytial virus infections [34] [35] [36] and is used off-label for treatment of patients with CCHFV infections [37] [38] [39] [40] . However, the mechanism of action of ribavirin against CCHFV is still poorly understood and a discussion is still ongoing whether or not patients infected with CCHFV actually benefit from being treated with this drug. Whether IFN-alpha can be beneficial for treatment of patients with CCHFV in very early phase of disease alone or combination with ribavirin is not addressed before. It should be mentioned that interferon most probably induce the inflammatory response in these patients, and thereby can have a negative effect in progress of the disease. However, to address if IFN-alpha can be used as treatment in very early step of infection or as prophylaxis for persons exposed to the virus, detailed studies in animal models are needed.
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